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Simpson (2, 3) confirmed these observations in young healthy adults who ingested the same amount of water at hourly intervals throughout 24 hours and suggested the acidosis of sleep, with the resultant intracellular shift of chloride and water, as a possible mechanism for the positive balance of these substances during sleep. Manchester (4) studied the 24 hour variations of water and mineral balance in two epileptic children on graded activity. He found that the maximum excretion of water, sodium, potassium and chloride occurred from 6:00 A.M. to 12:00 midnight, the minimum excretion from 12 midnight to 6:00 A.M. He concluded that the diurnal variation of water and mineral excretion is related to sleep rather than to changes in physical activity. Simpson (5) was unable to affect the cycle by means of dehydration, fasting, changes in posture or short periods of sleep during the day. Norn (6) reported a reversal of the cycle with respect to time in a night watchman who obtained his normal complement of sleep, during the day. Brod (7) showed that normal subjects have depressed endogenous "creatinine" clearances at night associated with diminished urine flow.
It has been adequately demonstrated that the diurnal rhythm in water and electrolyte excretion may be absent or reversed in pathologic states. Fishberg (8) states that the nocturia of nephritis is due to a lack of concentrating ability and that this symptom in hypertension may be due to this 1 renal factor or to an increase in cardiac output in the prone position. In heart failure (9) the nocturia is explained on the basis of increased cardiac output and decreased renal venous pressure in the prone position. Brod (7), using the endogenous "creatinine" clearance as a measure of glomerular filtration and the "creatinine" U/P ratio as an indication of tubular reabsorption of water, demonstrated that the nocturia of congestive failure is associated with both a rise in glomerular filtration and decreased tubular reabsorption of water during sleep. In glomerulonephritis, however, the nocturia was due primarily to decreased water reabsorption, the filtration rate remaining fairly constant throughout 24 hours. Breed and Schreiner (10) have shown that some patients with essential hypertension have nocturia associated with a reversal of the normal diurnal pattern for chloride excretion and endogenous "creatinine" clearance.
Because of the obscurity of the mechanism controlling this diurnal cycle of salt and water excretion and its importance in the treatment of congestive heart failure we have undertaken a study of the 24 hour variations of renal hemodynamics in normal subjects and in subjects with congestive heart failure. The present paper deals with normal subjects alone.
METHODS
Simultaneous endogenous "creatinine," inulin and paminohippurate, free and total (free plus conjugated), clearances were determined in 18 normal male subjects during four to six hour periods throughout 24 to 48 hours. The subjects were all convalescent patients without clinical evidence of cardiovascular-renal disease. They were maintained at bed rest for at least 24 hours prior to as well as during the period of observation. They were on routine ward diets and were allowed fluids ad lib.
The test substances were delivered by means of a constant delivery pump at rates varying from 0.20 to 0.50 cc./min. in 14 of the subjects. For (14) . After insertion of the catheter the needle was removed and the distal end of the catheter was snugly adapted to one of slightly wider bore which in turn was connnected to the rubber tubing leading from the infusion flask.
The clearance periods were four hours long during the day and of four or six hours duration at night. The sleeping hours were approximately from 8:00 P.M. to 6:00 A.M. Urine was collected by spontaneous voiding and bloods were drawn approximately at the midpoint of each urine collection period. Patients over 50 were tested for bladder urine residual after voluntary voiding before the onset of the clearance determinations. Significant residual urine was found in patients C. H. and R. W., aged 74 and 68 respectively. In these subjects retention catheters and bladder washouts were used. Little difficulty with bladder emptying was experienced in the remainder of the subjects when awakened at night. Renal vein catheterization was performed on two subjects using the technique of Warren, Brannon and Merrill (15) and Bradley and Bradley (16) in order to determine the renal extraction ratios of PAH after a constant 24 hour infusion of this substance.8 Plasma concentrations were plotted semilogarithmically against time and the representative concentrations extrapolated from the midpoint of each urine collection period.
Inulin was determined by a modification of Harrison's method as described by Goldring and Chasis (17) . The urines as well as the plasma specimens were yeasted, minimizing errors which might be introduced by changing "inulin blanks." Creatinine was determined by the Bonsnes and Taussky method (18) and p-aminohippurate, free and conjugated, by the method of Smith et al. (19) .
All subjects were patients from the wards of the Third (New York University) Medical or Surgical Services of Bellevue Hospital.
RESULTS

Diurnal variations of function
The day and night functions, including urine flow, inulin U/P ratio (tubular reabsorption of water), CIN, CCR and CPAHF,7 are compared for individual subjects in Table I . The night value in each case represents the mean value obtained for the periods corresponding roughly to the sleeping hours for that individual; the day values are the means of all other observations. The 8 Renal catheterization and analyses were performed by Drs. Ernest Breed and Morton Maxwell. 7 The following abbreviations will be used: CIN = inulin clearance, Ccm = endogenous "creatinine" clearance, EPAHF = extraction ratio of p-aminohippurate, inulin U/P ratio = ratio of inulin concentrations in urine and plasma, N/D = night/day ratio, V = urine flow, CPA1F = clearance of free PAH. Comparison of pump and bladder clearance techniques Measurement of glomerular filtration rate and renal plasma flow, utilizing inulin and PAH, were determined by simultaneous pump and urine collection techniques in 10 patients during the course of the 24 hour studies. With the exception of one patient, there was a poor correlation between the two methods, the clearances calculated by the pump method being usually 10 per cent or more above those values obtained by means of urine collection. The reason for this discrepancy is not apparent. It may be related to the use of the concentrated sustaining solution necessary at rates of infusion as low as 0. (17) . The reason for these differences is not obvious, but may be attributable to the fact that the observations upon which the latter figures are based were short period observations made in the post-absorptive state and at high urine flows.
Brod and Sirota (20) have shown that CCR may be used as a good measure of glomerular activity for short period observations in subjects without renal disease. In view of the excellent agreement between CIN and CcR throughout 24 hours CcR may be used for measuring glomerular activity in such subjects for prolonged periods as well.9 9 Preliminary observations in patients with congestive heart failure suggest that a discrepancy between CCR and CIN may exist in this condition, with CCR/CIN ratios significantly less than 1.00.
However several plasma determinations are necessary for 24 hour studies because of significant fluctuations in plasma "creatinine" concentration. In five subjects the plasma "creatinine" concentration varied as much as 10 per cent in four hours. In one subject the variation was as high as 17 per cent. In two the plasma concentrations were perfectly level throughout 24 hours, and in eight the variations were approximately 5 per cent or less. These changes in concentration have no direct correlation with variations in CcR and hence the plasma concentration curve of "creatinine" may not be used as an indication of changing glomerular activity. The reason for the variations in plasma concentration is not apparent. It is probably related to fluctuations in muscle metabolism, diet, blood volume, etc., as well as to changes in glomerular activity. CONCLUSIONS 1. Diurnal variations of renal function were studied in 18 male adult patients without evidence of cardiovascular-renal disease by means of a constant intravenous infusion technique employing p-aminohippurate and inulin as test substances.
2. The mean night to day (N/D) ratios in these subjects for urine flow was 0.83 + 0.38, for inulin U/P ratio, 1.40 + 0.41, for inulin clearance, 0.96 ± 0.07, for endogenous "creatinine" clearance, 0.97 + 0.06 and for PAH clearance, 0.98 + 0.06, indicating a significant decrease in urine flow, a considerable increase in tubular reabsorption of water, and a relatively constant glomerular filtration rate and renal plasma flow during the night as a whole. However, during the four hour period from 12 midnight to 4:00 A.M., corresponding to the period of deepest sleep there is a slight but significant fall in glomerular filtration; not in renal plasma flow. The decrease in urine flow at night is almost wholly attributable to increased tubular reabsorption of water.
3. Good agreement between the endogenous "creatinine" and inulin clearances was obtained throughout 24 hours. The average CCR/CIN ratio was 0.95 ± 0.10. Significant variations in the plasma endogenous "creatinine" concentrations may occur throughout the day and night which exceed the changes to be expected from changes in filtration rate, assuming constant creatinine production. Plasma levels of "creatinine" should be obtained at four to six hour intervals if the endogenous "creatinine" clearance is to be used to measure glomerular activity throughout a 24 hour period or longer.
4. The renal extraction of PAH in two subjects after a 24 hour infusion of this substance was 0.903 and 0.930, indicating the validity of CpAH as a measure of effective renal plasma flow after prolonged infusion.
6. The mean peak values for glomerular filtration rate and effective renal plasma flow in patients allowed water ad lib, but not hydrated prior to observation, were 119 + 23 and 597 + 124. cc./min. per 1.73 sq. m., respectively. These values are considerably lower than the usually accepted ones of 131 +I 22 and 697 + 136 cc./min. per 1.73 sq. m. obtained during short period observations in the post-absorptive state and after hydration.
